INTRODUCTION
============

The Ensembl project provides a genome browser at <http://www.ensembl.org> as well as integrated genome resources. The depth of genome information varies across supported species with the most comprehensive information provided for human, mouse, rat and zebrafish, which are also the most highly accessed genomes. For all species on the main site, we provide comprehensive, evidence-based gene annotations and comparative genomics resources including alignments and homology, orthology and paralogy relationships based on Ensembl GeneTrees ([@gkr991-B1]). We integrate these annotations with a large number of external data sources including InterPro ([@gkr991-B2]), UniProt ([@gkr991-B3]) and Pfam ([@gkr991-B4]). Eighteen of our most popular species also include dedicated variation resources ([@gkr991-B5]) derived from dbSNP ([@gkr991-B6]), DGVa ([@gkr991-B7]) and other sources. The Ensembl regulatory build provides regulatory annotation on the human and mouse genomes and incorporates data from the ENCODE ([@gkr991-B8]) and Roadmap Epigenomics Program ([@gkr991-B9]).

In addition to the data available through the Ensembl website, we provide open access to the Ensembl API ([@gkr991-B10]) and all supporting Ensembl databases to enable flexible, programmatic interaction with our data for use in genomic analysis. Data can also be accessed through the Ensembl BioMart ([@gkr991-B11],[@gkr991-B12]). We support those who use multiple web-based genome bioinformatics sites by providing links to the UCSC Genome Browser ([@gkr991-B13]) and NCBI\'s MapViewer ([@gkr991-B14]) on all of our LocationView pages. We also support user data upload and visualization using BAM, BigWig, VCF and other common data formats (see <http://www.ensembl.org/info/website/upload/index.html> for further information and the most current list of supported upload formats).

Here we highlight some of Ensembl\'s new features and new data released in the last year. As with previous updates ([@gkr991-B15],[@gkr991-B16]), we can only describe a subset of the information provided. Further information is available in the documentation section of the Ensembl website, from the Ensembl blog (<http://www.ensembl.info>) or by contacting helpdesk\@ensembl.org.

RESULTS
=======

Ensembl produces approximately five releases each year. Releases are numbered sequentially (September 2011 was release 64) and include newly supported species, new assemblies and new or updated annotations of already supported species. The Ensembl genome browser, code base and other genomic information described in this report are also updated with each release.

Gene annotation and supported species
-------------------------------------

Over the past year, five new species have been added to Ensembl. As of release 64, two of these species, white-cheeked gibbon and Tasmanian devil, are fully supported on our main site. Tasmanian devil is noteworthy because it was the second species (after zebrafish) in Ensembl to include RNAseq-based gene models. The Atlantic cod (*Gadus morhua*) was fully annotated and released on our preview site in conjunction with the genome article ([@gkr991-B17]) and will be released on the main site in late 2011 as part of Ensembl release 65. Genome articles have been published for orang-utan (*Pongo abelii*) ([@gkr991-B18]), anole lizard (*Anolis carolinensis*) ([@gkr991-B19]) and tamar wallaby (*Macropus eugenii*) ([@gkr991-B20]). The Nile tilapia (*Oreochromis niloticus*) and domestic ferret (*Mustela putorius furo*) are also available on our preview site. In addition to the new species, we released annotation on assemblies for sea lamprey (*Petromyzon marinus*), Western clawed frog (*Xenopus tropicalis*), cow (*Bos taurus*) and microbat (*Myotis lucifugus*). The microbat assembly has also moved from low to high coverage. An updated chimpanzee assembly, Pan_troglodytes-2.1.3, was released on our Pre! site. All new annotation projects are now released with a genebuild summary document on the species homepage, providing the user with detailed methods.

Gene annotation on our most popular species---human, mouse and zebrafish---has been fully updated this year. These annotations are a merged gene set consisting of the output of the Ensembl evidence-based automatic pipeline ([@gkr991-B21]) and the manual annotation from the Havana project ([@gkr991-B22]). For human, the major update to the gene set was a part of release 62 (April 2011), and the Ensembl/Havana merged gene set continues to be equivalent to the GENCODE gene set, the reference gene set for the ENCODE project ([@gkr991-B23]). The Ensembl RNAseq annotation pipeline, first developed for zebrafish, was used to generate gene models for 16 human tissues using the Illumina Human BodyMap 2.0 data, produced on HiSeq 2000 instruments in 2010. The gene models based on this annotation have been made available to the user community in a dedicated RNAseq database and can also be viewed on the Ensembl website alongside intron supporting features that indicate the number of intron-spanning reads that have mapped to the transcript model. The zebrafish and mouse gene sets were updated, respectively, in release 60 (November 2010) and release 61 (February 2011), with zebrafish moving to the new Zv9 assembly.

The methods used to merge the Ensembl and Havana annotation are updated regularly as the input data evolves, for example genes with biotype 'lincRNA' were introduced into Havana this year. We continue to be part of the Consensus Coding Sequence (CCDS) project ([@gkr991-B24]) for human and mouse, and all current CCDS models are included in our gene sets.

Ensembl release 64 (September 2011) displays the full human GRCh37.p5 assembly produced in June 2011 by the Genome Reference Consortium ([@gkr991-B25]). This patch includes 105 regions of which 40 are of the fix type and the rest are novel patches. By default, the primary assembly (GRCh37 chromosomes 1--22, X, Y) is displayed on the Ensembl website and these sequences are identical to those found on other genome browsers. Users can choose to display alternate loci (haplotypes, fix patches and novel patches) by selecting them in LocationView. We provide annotation on the GRC assembly patches and have developed a dedicated pipeline for this purpose where alignment-based annotation is combined with projected annotation from the primary assembly to provide the most complete annotation coverage of each patch. We are the only genome browser to integrate these alternate sequences into the primary assembly and to allow for visualization of the alternate sequences alongside the surrounding primary assembly ([Figure 1](#gkr991-F1){ref-type="fig"}). Figure 1.A region of human chromosome 9 from the GRCh37.p5 assembly showing the fix patch applied in the ABO locus and displayed in genomic context (green region on the lower panel). In the upper panel, the full chromosome display shows the locations of a number of other fix and novel patches that are a part of the GRCh37.p5 assembly.

Comparative genomics
--------------------

The gene set from each supported species is included in the Ensembl GeneTrees. As new species are added, we can better resolve the phylogenetic history of the genes. For instance, with the addition of the turkey gene set, we can now detect that 15% of the gene duplications that appeared to be specific to the chicken genome happened in the Phasianidae lineage ([@gkr991-B26]).

To cater for the increase in the number of species, the orthologues view now includes a summary table that shows the distribution of one-to-one, one-to-many and many-to-many relationships among species. This table serves both as a summary and as a way to filter the results to, for example, all fishes.

In addition to the five-way fish Enredo-Pecan-Ortheus (EPO), the set of whole-genome multiple alignments provided by Ensembl now includes a three-way avian EPO alignment ([@gkr991-B27],[@gkr991-B28]) incorporating chicken, turkey and zebra finch. We use each of these alignments and GERP ([@gkr991-B29]) to estimate a per-base sequence conservation score and to annotate regions of evolutionary constraint.

Ancestral alleles for the human genome are inferred from the six-way primate EPO alignments. In the EPO pipeline, Ortheus uses Pecan alignments to reconstruct the per-base history of the sequences. We use the most recent ancestor to call the ancestral allele for the whole human genome. These data are used in the 1000 Genome Project ([@gkr991-B30]) as well as in dbSNP to supplement their previous ancestral allele calls ([@gkr991-B31]). The same approach was used to study the recent evolution in the primate lineage ([@gkr991-B32]).

Regulation
----------

Over the past year, we have continued to incorporate additional regulatory information into Ensembl from high-throughput sequence assays of chromatin samples. The data are processed by an integrated mapping and processing pipeline using the eHive system ([@gkr991-B33]). As of Ensembl release 64, the Ensembl Regulation database contained 369 ChIP-seq and DNase-seq data sets from 10 human and 5 mouse cell lines. These included the genomic locations of binding regions for 74 different transcription factors (TFs) as well as the locations of sites for 40 modified histones, and an additional 26 data sets that identify regions of open chromatin or DNase I hypersensitivity. Twenty-five of the TFs have binding matrices available through the JASPAR database ([@gkr991-B34]), and we provide the positions of high probability TF-binding sites within the binding regions based upon these matrices. From release 64, we have run separate peak calling methods tuned for either sharp, punctate signals (TFs or punctate histone modification ChIP-seq samples) or broad region signals (e.g. H3K36me3). These data are used as the basis for the Ensembl Regulatory Build that integrates peak calls with histone modifications on a cell-specific basis to provide a regulatory annotation of the genome. In human, the combined regulatory build across 10 cell lines annotates 228 Mb of genome in 442 258 regulatory features. The addition of data for TFs involved in RNA Polymerase 3 (Pol3) gene transcription has allowed broadening of the scope of annotation of regulatory features to include Pol3 gene associated features. Furthermore, we have recently added Distributed Annotation System (DAS) access to reduced representation bisulphite sequencing data generated by the ENCODE project annotating the extent of DNA methylation at hundreds of thousands of CpG dinucleotides across the genome in 44 human cell lines. The Ensembl Regulation database continues to provide mapping of probe sets for all the common microarray platforms including new arrays such as the Illumina Infinium methylation designs.

Over the year, we have made a number of changes to the database and interface to provide improved performance and utility. Browser response time of the 'multi-wiggle' track type displays that were first introduced in 2010 ([@gkr991-B16]) has been considerably advanced by moving the signal data into compressed binary files stored outside of the main database, resulting in more than 50-fold improvement in data load times. Control of the content and display of the signal and peak tracks for ChIP-seq and DNase-seq data in the Location and Regulatory Feature views has been refined by an enhanced matrix style interface that centralizes all display options ([Figure 2](#gkr991-F2){ref-type="fig"}). From release 64 onwards, we also store explicit links to raw data in the European Nucleotide Archive (ENA) with API support to provide better documentation of experimental samples. Finally, the Ensembl Regulation BioMart has been restructured to improve usability as well as to include more data. Figure 2.Matrix style configuration panels for Open chromatin & Transcription Factor Binding Sites (on right) and Histones and Polymerases (on left). Both panels are accessible from the relevant portions of the Regulation section of the 'Configure this page' link found on the left menu of all location view pages.

Variation
---------

Ensembl\'s variation data was updated with the major human data release from dbSNP 132. We also support three new species with the most recently released variation data from dbSNP: cat (dbSNP 131), opossum (dbSNP 131) and pig (dbSNP 128). In addition, the variation data for zebrafinch, Tetraodon, horse, rat, zebrafish, cow and mouse were updated in the last year. Structural variation data are imported with each Ensembl release from DGVa ([@gkr991-B7]) and now include the full structural variation data from the 1000 Genomes Pilot Project ([@gkr991-B30],[@gkr991-B35]) in addition to structural variants from mouse, pig and dog. To facilitate browsing, the website separates data for 1000 Genomes Project variants and variation data with phenotypes in different tracks. New structural variation BioMart data sets for mouse, dog and pig have also been added.

As the amount of variation data has increased, so has the requirement to provide annotation of those variants subject to data problems or other concerns. For all data imported into the variation database, we continually update our methods for conducting quality and sanity checks and those data failing one of these checks are flagged with the reasons for concern. As of release 64, we flag as suspect a variant with any of the following characteristics: no genotypes with no alleles; four or more different alleles; no allele that matches the reference allele; alleles with ambiguity codes; mapped position incompatible with the reported alleles; no associated sequence; genotype frequencies which do not add up to 1; data that either do not map to the genome or have no genotypes; non-nucleotide alleles. Each variant is now checked by ssID so that a single problem submission can be effectively filtered from the database.

We continue to provide extensive data resources for disease and phenotype annotations for both germline variants and somatic mutations. As of release 64 (September 2011), a total of 174 681 distinct variants in Ensembl have phenotype annotation. These data include 43 272 somatic mutations from COSMIC ([@gkr991-B36]) and 61 793 mutations from the public portion of the HGMD database ([@gkr991-B37]). We also have more than 5000 phenotype--variant associations from the NHGRI GWAS catalog ([@gkr991-B38]) and over 14 000 from OMIM.

We have made significant improvements to the variation consequence pipeline, which now supports allele-specific consequences, complete SIFT ([@gkr991-B39]) and PolyPHEN ([@gkr991-B40]) predictions for the human proteome and new regulatory region consequences. All variation consequences are reported with standard sequence ontology terms ([@gkr991-B41]) to ensure consistent definitions across browsers and facilitate comparison with other resources.

The Variant Effect Predictor ([@gkr991-B42]) has also been extended to include these features and as an option, to run as a stand-alone software program that does not require a network connection or Ensembl database. The integration of regulatory features with DNA variation data is particularly powerful. Overlap of variants with regulatory features is reported, as well as overlap with TF-binding sites and high information content bases within the binding site. This provides an additional level of annotation of variants identified in GWAS and other studies.

Ensembl website and software infrastructure
-------------------------------------------

This year saw the release of a third mirror of the Ensembl website in the Asia-Pacific region located at <http://asia.ensembl.org>. As with our other mirrors at <http://useast.ensembl.org> and <http://uswest.ensembl.org>, the Asia mirror uses Amazon Web Services (AWS) to provide the infrastructure (the USWest mirror was migrated to AWS Northern California data centre in 2011). By consolidating all of the supported Ensembl mirrors in AWS, we are able to provide consistent support and increased performance for users around the world. All users visiting the Ensembl website are automatically redirected to their nearest mirror, ensuring the best possible performance. For users accessing Ensembl data via our API or direct MySQL queries, we have also launched a second database server at useastdb.ensembl.org.

The last major update to the Ensembl web interface was release 51 (November 2008) ([@gkr991-B43],[@gkr991-B44]). Over the past year, we have continued to focus on small but significant improvements to the web interface and on-going updates to the underlying software infrastructure. The latter included the deployment of Lucene, an open-source search engine that we also mirrored in AWS.

Display of the user\'s own data has been extended to include attachment of large indexed formats such as BAM, BigWig and VCF. For file types such as BED or GFF, the file upload process has been improved to give a count of features parsed from the file and to provide a link to sample coordinates where data can be viewed. Improvements to the discoverability of content have also been made, with a redesigned masthead containing links to popular content and the rewriting of some text-heavy pages to provide clear links enhanced by graphics. When users log in to their personal Ensembl accounts, each tab in the masthead also has dropdown menus giving quick access to other species and recently visited locations, genes, variations and regulatory features.

Finally, design of the pop-up configuration panel has been improved with the aid of user input. Favorite tracks can be saved, and a new graphical matrix allows quick and intuitive selection of cell/tissue data for regulatory tracks.

Ensembl user support
--------------------

Ensembl continues to support users through our outreach activities, in addition to targeting new users and getting first-hand feedback about our resources from scientists. Our trainers have held workshops in 46 countries, and the 90 workshops given in 2011 included both Japan and Eastern Europe.

Documentation for the Ensembl API was updated this year to properly describe our inheritance model. This required the deployment of a new documentation system based on Doxygen (<http://www.doxygen.org>). The full API documentation is available at <http://www.ensembl.org/info/docs/api/index.html>.

This year also included new efforts to reach users though the launch of our Facebook site at [www.facebook.com/Ensembl.org](www.facebook.com/Ensembl.org), where we post popular weekly navigation tips and other information about the project. Our Facebook page joins our blog, Twitter feed and YouTube channel, which features 12 training videos focused on specific uses of the Ensembl website. Finally, we launched a beginner Ensembl browser course as part of the EBI e-learning platform at <http://www.ensembl.info/ecourse>. The course allows new users to learn the basic navigation of the browser without having to attend a workshop.
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